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[57] ABSTRACT 

According to a driving method of a matrix-type display 
device of the present invention, a reference clock signal 
supplied by a reference clock oscillator is divided by a 

plurality of frequency dividing circuits, so that division 
clock signals are obtained. One among the division clock 

signals is selected by a switching operation by a switching 
circuit, and the selected division clock signal is outputted as 
a sampling clock signal to a row electrode driving circuit. 
Timings for the switching operation of the switching circuit 
are controlled by a switching control circuit in accordance 
with a horizontal synchronization signal and the reference 
clock signal. One or more of the frequency dividing circuits 
outputs a division clock signal having unequal clocks, when 
necessary. By thus arranging the division clock signals so 
that they have unequal clocks, it is allowed to set N of the 
division ratio 1/N to a value other than an integral number. 

Therefore, it is possible to set the division ratios close to 
each other, and hence, it is ensured that the reference clock 
signal has a lower frequency. 

16 Claims, 12 Drawing Sheets 
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MATRIX-TYPE DISPLAY DEVICE AND 
METHOD FOR DRIVING THE SAME 

FIELD OF THE INVENTION 

The present invention relates to a matrix-type display 
device, such as an active matrix-type liquid crystal display 
device, having a characteristic method for sampling dis 
played data, and also relates to a method for driving the 
matrix-type display device. 

BACKGROUND OF THE INVENTION 

As illustrated in FIG. 8, a conventional matrix-type dis 
play device incorporates a plurality of pixel electrodes 21 
(represented as PIX in the ?gure) arranged in matrix, and a 
roW electrode driving circuit 22 and a column electrode 
driving circuit 23 for turning on/off the pixel electrodes 21. 
Each pixel electrode 21 is connected to a sWitching element 
24, and opening/closing of each sWitching element 24 is 
controlled by the column electrode driving circuit 23. Dis 
play data outputted from the roW electrode driving circuit 22 
are supplied through the sWitching elements 24 to the pixel 
electrodes 21. 
As illustrated in FIGS. 9(a) and 9(b), during one hori 

Zontal scanning period, the roW electrode driving circuit 22 
samples and holds a video signal Sin inputted during one 
horiZontal period, in synchroniZation With a sampling clock 
signal CKS during a horiZontal scanning period. Then, 
during the next horiZontal scanning period, the data thus 
held are supplied as display data SOM(SOM1, Sam, . . . ) to 
the roW electrodes in a single step. The column electrode 
driving circuit 23 sequentially outputs scanning signals G1, 
G2, . . . , one signal per one horiZontal scanning period, 

Which cause the column electrodes to be turned on so that 
the display data So,” thus supplied to the roW electrodes are 
supplied to the pixel electrodes 21. 

Thus, When the display data are supplied to the pixel 
electrodes 21, a display medium (liquid crystal, etc., not 
shoWn in the ?gures) are turned active/non-active by the 
pixel electrodes 21, thereby causing an image in accordance 
With the video signal to be displayed on a screen. 
An image is displayed in a manner such that a vertical 

scanning is carried out With respect to each ?eld so that the 
image is displayed from an upper part of the screen doWn 
Ward. After the scanning is completed to a loWer edge of the 
screen, the scanning is suspended for a predetermined period 
of time (?yback time), and thereafter the scanning is 
resumed from the upper part of the screen. By repeating this 
process, images appear by turns on the screen. 

Incidentally, TVs each having a screen at an aspect ratio 
of 16:9 are recently in common use, Whereas TV stations 
have started broadcasting in a display mode for a high 
de?nition television (HDTV) and in a display mode for an 
extended de?nition television 2 (EDTV2). Therefore, 
among ?at plate-type display devices such as liquid crystal 
display devices, those having laterally long screens (Wide 
screens) come to be vieWed With interest. 

HoWever, in the case Where an image of the present 
broadcasting corresponding to the present display mode at 
the aspect ratio of 4:3 is displayed on the Wide screen in a 
full display mode Whereby no processing is applied, there 
arises a problem that display quality remarkably deterio 
rates. For example, an image of concentric circles appears 
extremely laterally long, as illustrated in FIG. 10. In the full 
display mode, the video signals are sampled in synchroni 
Zation With rising and falling edges of a sampling clock 
signal CKS having a predetermined frequency, as illustrated 
in FIG. 13. 
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2 
Therefore, in the case of a conventional CRT TV having 

a Wide screen, an electron beam is controlled by the use of 
de?ecting coils, so that the display quality does not dete 
riorate even When images in the mode for the present 
broadcasting are displayed. Among types of display by this 
method, there are a so-called normal display mode and a 
so-called Wide display mode. 

For example, in the normal display mode, an image at the 
aspect ratio of 4:3 is displayed only in the central part of the 
screen, as illustrated in FIG. 11. Therefore, the image of the 
concentric circles is displayed With the roundness close to 1. 
As a concrete method for display in the normal display 
mode, the Japanese Publication for Laid-open Patent Appli 
cation No. 3-131182/1991 (Tokukaihei 3-131182) discloses 
a display method Whereby an image is displayed during one 
effective display period (a period While an image is 
presented), While during a horiZontal ?yback period an 
image of a prescribed gradation level is displayed for the 
spaces. By this method Whereby the space images are 
displayed during the horiZontal ?yback periods, a sampling 
frequency for sampling images is set constant. 

HoWever, since a horiZontal scanning cycle, the effective 
display period, and the horiZontal ?yback period are 63.5556 
us, 52.7556 us, and 10.8 us, respectively, in the case of the 
4:3 display mode according to the National Television 
System Committee (NTSC) Broadcast Standard, the image 
is displayed laterally longer by 10.7 percent, Which is found 
by the folloWing calculation: 

((3/4)*(16/9)*(52.7556/63.5556)—1)*100=10.7 

Note that in this case display is carried out on a screen at an 
aspect ratio of 16:9 in accordance With display signals 
supplied during one horiZontal scanning period. 

Therefore, in vieW of improving the roundness as an 
indicator of the display quality, it is preferable to change the 
sampling frequency Within one horiZontal period as 
described later. To be more speci?c, each sampling interval 
during the effective display period (effective scanning 
period) is preferably set 1.6283 times that during the hori 
Zontal ?yback period, according to the folloWing calcula 
tion: 

By doing so, the roundness becomes 1. 
Note that since a display screen siZe (aspect ratio) is 

determined from the vieWpoint of production ef?ciency, the 
aspect ratio subtly varies With Widths across corners of 
individual display screens. This is because glass substrates 
for the screens actually cut out from a mother glass have 
aspect ratios of 16:91, 15.9:9, etc. in the case of Wide 
screens, so that as many glass substrates as possible can be 
obtained. Therefore, the use of the same sampling frequency 
may cause the roundness to deteriorate. Therefore, anyWay, 
the clock frequency should be adjusted or changed. 

In the Wide display mode, as illustrated in FIG. 12, 
pictures are displayed in the same range of the screen as that 
in the full display mode, but the concentric circles displayed 
are closer to complete rounds in the center of the screen 
While have inferior roundness in the peripheral parts of the 
screen, compared With the concentric circles in the full 
display mode. Since attention is directed to the center of the 
screen due to the characteristics of human eyes, incongruity 
is less felt in the case of display in the Wide display mode 
than in the case of display in the full display mode, even 
though the roundness deteriorates in the peripheral parts of 
the screen. 
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In the case Where such display in the normal display mode 
or in the Wide display mode is realiZed by the use of a 
matrix-type display device, it is necessary to modulate the 
sampling frequency Within one horiZontal scanning period. 
FIG. 13 illustrates respective examples of sampling timings 
in these display modes. 

Note that in these examples, the sampling timings are in 
synchroniZation With rising and falling edges of a sampling 
clock signal. 

In the normal display mode, the sampling frequency is 
sWitched so as to be loWer, during the effective scanning 
period, than that during the horiZontal ?yback period. On the 
other hand, in the Wide display mode, the sampling fre 
quency is arranged so as to gradually change during the 
effective scanning period. 

The folloWing method has been proposed as a method for 
changing the sampling frequency as described above, so as 
to be applied to the matrix-type display device illustrated in 
FIG. 8. A sampling clock signal is obtained by dividing, by 
a frequency dividing circuit 26, a reference clock signal CKg 
generated by a reference clock oscillator 25 incorporating a 
crystal oscillator or a voltage control oscillator (VCO). 
Therefore, to change the sampling frequency, it is necessary 
to change either a division ratio 1/N (N is an integral 
number) of the dividing circuit 26, or a frequency of the 
reference clock signal CKg. 
As a method for changing the frequency of the reference 

clock signal CKg, for example, a method Whereby modula 
tion of an oscillation frequency is carried out by voltage 
control by the VCO has been proposed, as disclosed in the 
Japanese Publication for Laid-open Patent Application No. 
7-250256/1995 (Tokukaihei 7-250256). 
As another method for changing the frequency of the 

reference clock signal CKg, the use of a circuit illustrated in 
FIG. 14 has been proposed. The circuit has a plurality of 
reference clock oscillators RG11, RG12, . . . Which have 

different oscillation frequencies and output reference clock 
signals CKg1, CKg2, . . . , respectively. One reference clock 
signal is selected among those above by a sWitching circuit 
27 and is outputted as the reference clock signal CKg. Thus, 
the reference clock signals CKg1, CKg2, . . . are sequentially 
chosen as the reference clock signal CKg by sWitching 
operations of the sWitching circuit 27 in response to sWitch 
ing control signals supplied from outside, thereby causing 
the reference clock signal CKg to have different oscillation 
frequencies. The sWitching control signals are generated at 
predetermined timings based on an external clock signal 
Which has a higher frequency than that of a horiZontal 
synchroniZation signal and those of the reference clock 
signals CKg1, CKgZ, . . . . 

HoWever, in the case Where the frequency is changed by 
dividing, realiZable frequencies are limited in vieW of 
quantiZation, since N of the division ratio 1/N is an integral 
number. Speci?cally, sometimes a plurality of sampling 
frequencies obtained are not desirable even though a fre 
quency of the reference clock signal CKg is divided using 
neighboring integral numbers, since a rate of change 
betWeen them is too great. For example, in the case Where 
the reference clock signal CKg has a frequency of 20 MHZ 
and N is set to 4 and 5, sampling frequencies obtained are 
5 MHZ and 4 MHZ, Whose rate of change is 20 percent. In 
some cases, practically the rate of change should be not 
higher than 5 percent, but such a small rate of change cannot 
be obtained according to the above example. 

So as to loWer the rate of change, N may be adjusted. For 
example, in the case Where the reference clock signal CKg 
has a frequency of 95 MHZ and N is set to 19 and 20, 
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4 
sampling frequencies of 5 MHZ and 4.75 MHZ are obtained, 
Whose rate of change is 5 percent. HoWever, since N is set 
to a great number, the reference clock signal CKg has an 
extremely high frequency, thereby causing radiation to 
increase and costs of the display device to rise. 

In the case of the arrangement Wherein the reference clock 
signals CKg1, CKgZ, . . . are sWitched from one to another, 
the sampling interval may become too small depending on 
the sWitching timings, thereby causing hitches in sampling 
operations by the roW electrode driving circuit 22. Since 
provided as the roW electrode driving circuit 22 is usually an 
integrated circuit composed of transistors or the like, a 
minimum sampling interval is determined depending on an 
operation frequency of the integrated circuit. Therefore, in 
the case Where a sampling interval is set smaller than the 
minimum sampling interval thus determined, the reliability 
of the sampling operation of the integrated circuit cannot be 
ensured. 

For example, as illustrated in FIG. 15, in the case Where 
a reference clock signal CKg1 and a reference clock signal 
CKg2 having a cycle Which is 1.5 times that of the reference 
clock signal CKg1 are sWitched from one to the other, the 
folloWing may occur since the reference clock signals CKg1 
and CKg2 differ in phases: in the case Where a sWitching 
timing in accordance With an external clock signal, for 
sWitching from the reference clock signal CKg1 to the 
reference clock signal CKgZ, falls in a period Where the 
reference clock signal CKg1 is at a high level, a sampling 
interval in this case, as indicated by t2, may be smaller than 
the other sampling intervals. 

In the case Where a half cycle of the reference clock signal 
CKg1 is set to a sampling minimum interval t1 and hence the 
above sampling interval t2 is smaller than the minimum 
interval t1, it is uncertain Whether the sampling is carried out 
during a period of the sampling interval t2. In the case Where 
the sampling is not carried out, a pixel defect is caused, 
thereby causing the display quality to deteriorate. 
On the other hand, in the case Where the frequency of the 

reference clock signal CKg is changed in a display device 
having a VCO as the reference clock oscillator 25, the 
driving system has a complicated arrangement since a means 
for adjusting a control voltage is necessitated. Furthermore, 
there arises an inconvenience that costs of the display device 
rise, since a phase-locked loop (PLL) including a VCO 
capable of high-speed response is necessitated so that the 
frequency is changed during one horiZontal scanning period 
(63.5 us in the case of a TV signal). 

SUMMARY OF THE INVENTION 

The present invention is made in light of the above 
problems, and the object of the present invention is to 
restrain a rate of change of sampling frequencies Without 
raising a frequency of a reference clock signal, to enhance 
reliability of sampling operations, and to realiZe the sam 
pling operations With a simpler arrangement. 

To achieve the above object, a method for driving a 
matrix-type display device comprising the steps of (a) 
sampling an analogue display signal of at least one horiZon 
tal scanning period in synchroniZation With sampling clocks, 
and supplying the sampled display signal to each pixel 
electrode roW aligned in a horiZontal direction among pixels 
provided in matrix, and (b) sequentially selecting the pixel 
electrode roWs in a vertical direction, one pixel electrode 
roW being selected during one horiZontal scanning period, in 
order to supply the sampled display signal from a signal 
supplying circuit to the selected pixel electrode roW, Wherein 
sampling intervals are changed Within one horiZontal scan 
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ning period, so as to include an unequal discontinuous part 
even during a period When the sampling intervals are set 
substantially constant. 
By thus driving so that the sampling intervals include an 

unequal discontinuous part, division ratios Which are 
sWitched so as to change the sampling intervals can be set 
close to each other in the case Where the sampling clocks are 
obtained by dividing reference clock signal. Usually N of a 
division ratio l/N is set to an integral number, but in this case 
Where the sampling intervals, that is, the sampling clocks, 
have unequal parts, N may be set to a number other than 
integral numbers, namely, a number having decimals. Thus, 
restrictions on the setting of the division ratio is relaxed, 
thereby alloWing N to be set to a smaller number. As a result, 
the frequency of the reference clock signal can be set loWer. 

Therefore, it is possible to suppress a ratio of change of 
the sampling frequencies to not higher than 5 percent, even 
in the case With a practical reference clock frequency 
(around 20 MHZ). Besides, since it is possible to obtain, 
from a single reference clock signal, any frequency loWer 
than the frequency of the reference clock signal, there is no 
need to correspond the number of piXels in one screen to the 
frequency of the reference clock signal at a one-to-one ratio. 
Therefore, the same reference clock oscillator can be used 
even When the number of the piXels changes. 

Therefore, by the present driving method, the folloWing 
effect can be achieved: a matriX-type display device having 
a laterally long screen Which is capable of displaying an 
image at an aspect ratio of 4:3 Without giving a sense of 
incongruity can be realiZed in a simple arrangement and 
With loWer costs. In addition, by the present driving method, 
it is also possible to achieve an effect that the design 
efficiency can be improved and standardiZation of compo 
nents used is promoted. 

Regarding the foregoing driving method, in the case 
Where a plurality of the unequal discontinuous parts of the 
sampling intervals are dispersed, in?uences on the image by 
the unequal discontinuous interval are not recogniZed by a 
human eye. Thus, in?uences of the samplings at different 
intervals are reduced With the above-described arrangement, 
thereby ensuring that display images of a good quality can 
be provided Without inconveniences in practical application. 

Furthermore, regarding the above driving method, it is 
preferable that: 

(1) during one horiZontal scanning period the sampling 
intervals change substantially symmetrically With respect to 
a point corresponding to a center of an image; or 

(2) during one horiZontal scanning period the sampling 
intervals change asymmetrically With respect to a point 
corresponding to a center of a screen. 

With the arrangement (1), a display device having a 
screen at an aspect ratio of 16:9 is enabled to display images 
in the Wide display mode or in the normal display mode. 
With the arrangement (2), different images can be displayed 
on a right half and a left half of the screen, respectively. For 
eXample, in the case Where an image at an aspect ratio of 4:3 
is displayed by a display device having a screen at an aspect 
ratio of 16:9, it is possible to display the image With a shift 
either to the right side or to the left side, and an image of a 
black level (corresponding to horiZontal ?yback periods) is 
displayed to a space. 

With either the arrangement (1) or the arrangement (2), 
images giving less sense of incongruity can be displayed, by 
changing the sampling intervals during one horiZontal scan 
ning period at least either so that each interval becomes 
greater or so that each interval become smaller. For example, 
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6 
by changing the sampling intervals so that each interval 
becomes smaller from the center to the periphery, images 
displayed in the Wide display mode or in the normal display 
mode can have a superior roundness in the central part of the 
screen. 

To achieve the above-described object, a ?rst matriX-type 
display device of the present invention includes (1) piXel 
electrodes provided in matriX, constituting piXel electrode 
roWs provided in a horiZontal direction, (2) a signal supply 
ing circuit for sampling an analogue display signal of at least 
one horiZontal scanning period in synchroniZation With 
sampling clocks, and supplying the sampled display signal 
to each piXel electrode roW, (3) a selecting circuit for 
sequentially selecting the piXel electrode roWs in a vertical 
direction so that one piXel electrode roW is selected during 
one horiZontal scanning period in order to supply the 
sampled display signal to the selected piXel electrode roW 
from the signal supplying circuit, and (4) a sampling clock 
generator for generating sampling clocks, and changing a 
sampling frequency so that, even during a period While 
sampling intervals are set substantially equal, the sampling 
intervals include an unequal discontinuous part. 

According to the above-described arrangement, the sam 
pling clock generator generates sampling clocks such that 
sampling intervals unequal to the others are contained 
among the sampling intervals equal to each other. Therefore, 
in the case Where a plurality of division ratios are selected 
so that a proper sampling frequency is obtained per each 
selection by dividing reference clock With the selected 
division ratio, division ratios Which are sWitched so as to 
change the sampling intervals can be set close to each other. 
As a result, the frequency of the reference clock signal can 
be set loWer. Besides, since it is possible to obtain, from a 
single reference clock signal, any frequency loWer than the 
frequency of the reference clock signal, there is no need to 
aneW reset the frequency of the reference clock signal When 
the number of the piXels in one screen changes. 

Therefore, the folloWing effect can be achieved: a matrix 
type display device having a laterally long screen Which is 
capable of displaying an image at an aspect ratio of 4:3 
Without giving a sense of incongruity can be realiZed in a 
simple arrangement and With loWer costs. In addition, it is 
also possible to achieve an effect that the design efficiency 
can be improved and standardiZation of components used is 
promoted. 

Regarding the above-described matriX-type display 
device, the sampling clock generator preferably has the 
folloWing arrangement. Namely, the sampling clock genera 
tor includes (1) a reference clock oscillator for oscillating a 
reference clock signal having a predetermined constant 
frequency, (2) a plurality of dividing circuits for dividing the 
reference clock With respective division ratios and output 
ting the divided clock as sampling clock, at least one of the 
dividing circuits being an irregular dividing circuit for 
outputting a sampling clock including a clock of unequal 
interval among clocks of equal interval, the clock of unequal 
interval being different from the clock of equal interval in 
the interval thereof, (3) a sWitching control circuit for 
controlling sWitching timings for sWitching the sampling 
clock in accordance With a horiZontal synchroniZation signal 
and the reference clock, and (4) a sWitching circuit for 
selecting one among the sampling clocks supplied from the 
dividing circuits and outputting it to the signal supplying 
circuit, While sWitching the selection at the sWitching tim 
ings. 

In the above arrangement, the dividing circuits can be 
composed of logical circuits such as counters. The sWitching 
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control circuit can be also composed of a logical circuit, 
since it controls switching timings in accordance With the 
horiZontal synchronization signal and the reference clock 
signal. Furthermore, the sWitching circuit can be also com 
posed of a logical circuit such as a data selector. Therefore, 
all the parts of the sampling clock generator except the 
reference clock oscillator, namely, the dividing circuits, the 
sWitching control circuit, and the sWitching circuit, can be 
realiZed With an LSI circuit such as a gate array. Since those 
circuits can be thus integrated, an analog processing circuit 
such as an operational ampli?er is unnecessary. Therefore, 
the matriX-type display device can be realiZed in a simpler 
arrangement and With loWer costs. 

Furthermore, the irregular dividing circuit preferably has 
a division ratio set to 1/N and divides M clocks of the 
reference clock signal so as to obtain n clocks, M and n 
being integral numbers Which satisfy N><n=M. With this, a 
correlation betWeen the number of clocks of the sampling 
clock signal having the clock of unequal interval and the 
number of clocks of the reference clock signal, thereby 
ensuring that the clock of unequal interval of the sampling 
clock signal can be easily set. Besides, by setting n so that 
M is minimum, it is possible to arrange the sampling clock 
signal so that a difference betWeen the equal and unequal 
clocks is minimum. As a result, the unequal interval of the 
sampling clock signal can be more easily set. 

Furthermore, it is preferable that the irregular dividing 
circuit outputs a sampling clock in Which a plurality of the 
clocks of unequal interval are dispersed. In an image dis 
played in accordance With such sampling clock signal, 
substantially no in?uence of the differences betWeen the 
equal and unequal clocks is recogniZed by a human eye. 
Thus, the in?uence of the sampling at different intervals is 
reduced, thereby ensuring that display images of a good 
quality can be provided Without inconveniences in practical 
application. 

In addition, it is preferable that the reference clock 
oscillator oscillates a reference clock signal having a duty 
cycle of substantially 50 percent. With this arrangement, the 
minimum interval to determine the timing of the division are 
made uniform. As a result, the designing of clocks becomes 
easier, thereby ensuring that the unequal intervals are more 
easily set. 

Furthermore, the sampling clock generator preferably has 
a characteristic that a difference of a single cycle betWeen 
the equal and unequal clocks of the sampling clock signal is 
0.5 clock of the reference clock signal, in addition to the 
characteristic that the reference clock signal has a duty cycle 
of substantially 50 percent. This ensures that the equal and 
unequal clocks have a minimum difference therebetWeen. 
Therefore, it is possible to obtain substantially uniform 
sampling intervals. As a result, in images displayed, in?u 
ences of the unequal clocks are not noticeable, thereby 
enhancing the display quality. 

To achieve the above-described object, a second matrix 
type display device of the present invention includes (1) 
piXel electrodes provided in matriX, constituting piXel elec 
trode roWs provided in a horiZontal direction, (2) a signal 
supplying circuit for sampling an analogue display signal of 
at least one horiZontal scanning period in synchroniZation 
With sampling clocks, and supplying the sampled display 
signal to each piXel electrode roW, (3) a selecting circuit for 
sequentially selecting the piXel electrode roWs in a vertical 
direction so that one piXel electrode roW is selected during 
one horiZontal scanning period, in order to supply the 
sampled display signal to the selected piXel electrode row 
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from the signal supplying circuit, (4) a plurality of reference 
clock oscillators for oscillating reference clocks having 
predetermined frequencies, respectively, (5) a sWitching 
control circuit for controlling sWitching timings for sWitch 
ing the reference clocks in accordance With a horiZontal 
synchroniZation signal and one of the reference clocks 
Which is to be selected next, so that each of sampling 
intervals in accordance With the sampling clocks is set not 
smaller than a minimum sampling interval Which alloWs the 
signal supplying circuit to carry out proper sampling 
operations, (6) a sWitching circuit for selecting one among 
the reference clocks supplied from the reference clock 
oscillators, While sWitching the selection at a plurality of 
sWitching timings during one horiZontal scanning period, 
and (7) a dividing circuit for dividing the selected reference 
clock supplied through the sWitching circuit With a prede 
termined division ratio and outputting the divided result as 
a sampling clock. 
With the foregoing arrangement, a plurality of reference 

clock signals are sWitched so that one reference clock signal 
is selected. Therefore, in the case Where the reference clock 
signals are arranged so as to have frequencies close to each 
other, a rate of change betWeen sampling clocks becomes 
loWer. Besides, since the sWitching timings are controlled in 
accordance With the reference clock signal Which is to be 
selected in the neXt period, it is possible to synchroniZe each 
sWitching timing With the reference clock signal to be 
selected as a result of sWitching by the sWitching circuit. 
Furthermore, since the sWitching timings are controlled so 
that each sampling interval based on the sampling clocks is 
not smaller then the minimum sampling interval Which 
alloWs the signal supplying circuit to carry out proper 
sampling operations, sampling clocks causing samplings at 
sampling intervals smaller than the minimum sampling 
interval are by no means outputted. In addition, as is the case 
With the ?rst matriX-type display device, the dividing circuit, 
the sWitching control circuit, and the sWitching circuit can be 
realiZed With an LSI circuit such as a gate array. 

Therefore, a matriX-type display device having a laterally 
long screen Which is capable of displaying even an image at 
an aspect ratio of 4:3 Without giving a sense of incongruity 
can be realiZed in a simple arrangement and With loWer costs 
so that it conducts stable sampling operations. 

In addition, in the above-described matriX-type display 
device, it is preferable that the reference clock signal has a 
duty cycle of substantially 50 percent. By thus arranging the 
display device, the designing of clocks becomes easier, 
thereby causing the unequal and equal clocks to be set more 
easily. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an arrangement of 
a matriX-type display device in accordance With an embodi 
ment of the present invention. 

FIGS. 2(a) and 2(b) are timing charts shoWing operations 
of the matriX-type display device illustrated in FIG. 1. 

FIG. 3 is a vieW illustrating a screen arrangement Which 
is possible With the matriX-type display device illustrated in 
FIG. 1. 

FIG. 4 is a timing chart illustrating a variation of the 
above matriX-type display device shoWn in FIG. 1. 

FIG. 5 is a vieW illustrating sWitching of division ratios 
during one horiZontal scanning period in the above variation 
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of the matriX-type display device shown in FIG. 1 and 
switching of sampling frequencies in a matriX-type display 
device in accordance With another embodiment of the 
present invention. 

FIG. 6 is a block diagram illustrating an arrangement of 
the above-mentioned matriX-type display device in accor 
dance With another embodiment of the present invention. 

FIG. 7 is a timing chart illustrating operations of the 
matriX-type display device shoWn in FIG. 6. 

FIG. 8 is a block diagram illustrating an arrangement of 
a conventional matriX-type display device. 

FIGS. 9(a) and 9(b) are timing charts illustrating opera 
tions of the matriX-type display device illustrated in FIG. 8. 

FIG. 10 is a vieW illustrating an image displayed in the 
full display mode by a conventional display device having a 
laterally long screen. 

FIG. 11 is a vieW illustrating an image displayed in the 
normal display mode by a conventional display device 
having a laterally long screen. 

FIG. 12 is a vieW illustrating an image displayed in the 
Wide display mode by a conventional display device having 
a laterally long screen. 

FIG. 13 is a vieW illustrating respective sampling clock 
signals and sampling timings for displaying in the full 
display mode, the normal display mode, and the Wide 
display mode. 

FIG. 14 is a circuit diagram illustrating a conventional 
circuit arrangement Wherein a plurality of reference clock 
signals are sWitched so that one of them is outputted. 

FIG. 15 is a timing chart illustrating operations of the 
circuitry shoWn in FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

The folloWing description Will discuss an embodiment of 
the present invention, While referring to FIGS. 1 through 5. 
A matriX-type display device in accordance With the 

present embodiment has a piXel array 1, a roW electrode 
driving circuit 2, a column electrode driving circuit 3, and a 
sampling clock generator 4, as illustrated in FIG. 1. 

The piXel array 1 has a plurality of piXel electrodes 5 
provided in matrix (represented as PIX in the ?gure), and 
sWitching elements 6 each of Which is connected to each 
piXel electrode 5. 

To the piXel electrodes 5, a voltage is applied for driving 
a display medium Which is not shoWn. For eXample, in the 
case Where the display medium is liquid crystal, the liquid 
crystal is driven so as to enter an active state or a non-active 

state, by applying a voltage across the piXel electrodes 5 and 
oppositely provided electrodes Which are not shoWn. 

The sWitching elements 6 are turned on in response to an 
ON signal (scanning signal) supplied thereto from the col 
umn electrode driving circuit 3 through column electrodes, 
and supply display data (display signal) from the roW 
electrode driving circuit 2 to the piXel electrodes 5. In the 
case of the liquid crystal display device, thin ?lm transistor 
(TFT) elements, metal insulator metal (MIM) elements, or 
the like, are used as the sWitching elements 6. 

The roW electrode driving circuit 2 as a signal supplying 
circuit samples a video signal Sin supplied thereto by the use 
of a sampling clock signal CKS supplied from the sampling 
clock generator 4 (described later), and then, outputs the 
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10 
sampled data as display data Soml, Sam, . . . to the roW 
electrodes all at once. The column electrode driving circuit 
3 as a selecting circuit sequentially outputs the ON signal to 
the column electrodes, at a ratio of one column electrode per 
one horiZontal scanning period, in response to a horiZontal 
synchroniZation signal and a vertical synchroniZation signal. 

In the display device having such roW electrode driving 
circuit 2 and column electrode driving circuit 3, the scanning 
of the column electrodes in a vertical direction is repeated so 
that one scanning operation is carried out per one ?eld. As 
a result, on the piXel array 1 constituting a screen, a picture 
in accordance With the video signal is displayed. 
The sampling clock generator 4 is composed of a refer 

ence clock oscillator 7, a frequency dividing unit 8, a 
sWitching circuit 9, and a sWitching control circuit 10. 
The reference clock oscillator 7 is arranged so as to have 

a frequency Which can be obtained by the use of an oscillator 
available at stores, and so as to generate a reference clock 
signal CKg Whose duty cycle is about 50 percent and Whose 
frequency is constant. The reference clock oscillator 7 is 
composed of a crystal oscillator, or a voltage control oscil 
lator (VCO). 
The frequency dividing unit 8 is composed of a plurality 

of frequency dividing circuits FDl, FD2, . . . . The frequency 
dividing circuits FDl, FD2, . . . divide the reference clock 

signal CKg With division ratios of 1/N 1, 1/N2, . . . , 

respectively, and each frequency dividing circuit is com 
posed of a logical circuit including a counter or the like. 

The sWitching circuit 9 selects one division clock signal 
among those outputted from the frequency dividing circuits 
FDl, FD2, . . . , and supplies it to the roW electrode driving 

circuit 2 as the sampling clock signal CKS. The sWitching 
circuit 9 is composed of a logical circuit such as a data 
selector. The sWitching circuit 9 sWitches the division clock 
signals during one horiZontal scanning period in response to 
a sWitching control signal generated by the sWitching control 
circuit 10. 
The sWitching control circuit 10 generates the sWitching 

control signal in accordance With the reference clock signal 
CKg and the horiZontal synchroniZation signal Hsync, and is 
composed of a logical circuit including a counter or the like. 
To be more speci?c, the sWitching control circuit 10 gen 
erates the sWitching control signal in synchroniZation With 
the reference clock signal CKg by using the horiZontal 
synchroniZation signal HsynC for setting a reference point for 
the sWitching operation, so that the division clock signals are 
sWitched at predetermined timings in accordance With the 
roundness, the aspect ratio, and the display mode. 

For example, the sWitching control circuit 10 detects hoW 
many clocks (hereinafter referred to as reference clocks) of 
the reference clock signal CKg have been counted by the use 
of a counter since the horiZontal synchroniZation signal 
HsynC Was supplied, and outputs the sWitching timing as the 
sWitching control signal When the count reaches a value 
corresponding to a predetermined sWitching point. 

Operations of the matrix-type display device thus 
arranged Will be described beloW, While referring to the 
timing charts of FIGS. 2(a) and 2(b). 

Here, described is an arrangement Wherein the frequency 
dividing unit 8 has tWo frequency dividing circuits FD1 and 
FD2. The reference clock signal CKg has a frequency fg of 
20 MHZ, and the division ratios of 1/N1 and 1/N2 of the 
frequency dividing circuits FD1 and FD2 are set to 1/5 and 
1/5 .25, respectively. Besides, as in the above described case 
Where display is carried out in the normal display mode, 
different sampling frequencies are selected during the hori 
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Zontal ?yback period and the effective display period, 
respectively (see FIG. 13). 

Values of N1 and N2 as described above are determined in 
the following manner. In the case Where the division ratio is 
1/N, an integral number n is given, Which satis?es that NXn 
is a minimum integral number M. In other Words, the 
number of clocks obtained by dividing M (=N><n) reference 
clocks With the division ratio 1/N is given as n. Thus, n and 
M are set so that n/M=1/N. Therefore, in the case described 
beloW, M and n are set to 21 and 4, respectively. 

First of all, during a horiZontal ?yback period of the video 
signal, output paths of the sWitching circuit 9 are sWitched 
in response to the sWitching control signal supplied from the 
sWitching control circuit 10 so that a division clock signal 
CKd1 generated by the frequency dividing circuit FD1 is 
outputted. Here, the reference clock signal CKg shoWn in 
FIG. 2(a), outputted from the reference clock oscillator 7, is 
divided by the frequency dividing circuit FDl, thereby 
becoming 1/5. The clock signal thus obtained is supplied to 
the sWitching circuit 9 as the division clock signal CKd1. 

The division clock signal CKd1 outputted through the 
sWitching circuit 9 is given to the roW electrode driving 
circuit 2 as a sampling clock signal CKS. Then, the roW 
electrode driving circuit 2 samples the video signal at 
sampling timings indicated by arroWs directed upWards in 
FIG. 2(a), that is, sampling timings Which correspond rising 
and falling edges of the sampling clock signal CKS. 

Thereafter, during the effective display period of the video 
signal, output paths of the sWitching circuit 9 are sWitched 
in response to the sWitching control signal so that a division 
clock signal CKd2 of the frequency dividing circuit FD2 is 
outputted. Here, the reference clock signal CKg outputted 
from the reference clock oscillator 7 is divided by the 
frequency dividing circuit FD2, thereby becoming 1/525. 
The clock signal thus obtained is outputted to the sWitching 
circuit 9 as the division clock signal CKd2. 

The division clock signal CKd2 outputted through the 
sWitching circuit 9 is given to the roW electrode driving 
circuit 2 as the sampling clock signal CKS. Then, the roW 
electrode driving circuit 2 samples the video signal at 
sampling timings indicated by arroWs directed upWards in 
FIG. 2(b). 

In the above-described case, frequencies of the sampling 
clock signal obtained by the frequency dividing circuit FD1 
and FD2, that is, sampling frequencies f51 and fSZ, are 4 MHZ 
and 3.8095 MHZ, respectively. Therefore, a rate of change of 
the sampling frequencies f51 and fsz is substantially 5 percent. 

Regarding the above division clock signal CKd2, each of 
the second and fourth clocks, among the four clocks 
obtained by dividing the 21 reference clocks, has a Width 
equivalent to ?ve reference clocks. Besides, each ?rst half at 
a high level of the ?rst and third clocks of the division clock 
signal CKd2 has a Width T equivalent to three reference 
clocks, Which is unequal to the others. Therefore, each of the 
?rst and third clocks has a total Width equivalent to 5.5 
reference clocks. 

Therefore, the frequency dividing circuit FD2 functioning 
as an irregular dividing circuit is arranged so that regarding 
(1) a clock of the division clock signal CKd2 Which sub 
stantially corresponds to the ?rst through third reference 
clocks and (2) a clock of the division clock signal CKd2 
Which substantially corresponds to the eleventh through 
fourteenth reference clocks, each of them has a Width Which 
is 0.5 reference clock more than the Width of the other clocks 
of the division clock signal CKd2. In other Words, the 
frequency dividing circuit FD2 causes the output level of the 
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12 
division clock signal CKd2 to change per 2.5 reference 
clocks among the 21 reference clocks CKg, eXcept for the 
above-described speci?c clocks (i.e., clocks of unequal 
interval) in each of Which the output level is changed With 
a delay equivalent to 0.5 reference clock. 

As has been described, it is possible to equivalently divide 
the reference clock signal CKg With a division ratio of 
1/525, by making the division clock signal including 
unequal discontinuous parts (i.e., clocks of unequal 
interval). Besides, by thus providing the unequal discontinu 
ous parts in a dispersed manner such that the sampling 
frequency virtually becomes 1/525. 

Speci?cally, in the case Where the division ratio is 1/5 .25, 
the sampling timings are not constant at the clock level, 
Whereas affects of the irregular intervals (unequal intervals) 
cannot be recogniZed by human eyes When the video signals 
(analogue value) are sampled at the sampling interval and 
display is carried out in accordance With the video signals 
thus sampled. Therefore, even though the sampling intervals 
are not equal, the sampling frequency f52 can be regarded as 
3.8095 MHZ in average provided that parts Whose intervals 
are unequal to the others are scatterd as much as possible, 
and practically there Will be no problem. In order to make 
not noticeable the parts having the sampling intervals 
unequal to the others, positions of the clocks Whose Width is 
unequal to that of the others may be shifted per ?eld, per 
horiZontal scanning period, or per ?eld and per horiZontal 
scanning period, so that the parts are scatterd as much as 
possible. 

Since the logical circuit operates at rising and falling of 
the clock, outputs of the frequency dividing circuits FD 1 and 
FD2 also change only at rising and falling edges of the 
reference clock signal CKg. In other Words, the frequency 
dividing circuits FD1 and FD2 can change the outputs 
thereof only at intervals Whose unit is 0.5 reference clock. 
The frequency dividing circuit FD1 outputs the division 
clock signal CKd1 Which changes per 2.5 (=5/2) reference 
clocks since its division ratio is set to 1/5. On the other hand, 
the frequency dividing circuit FD2 outputs the division clock 
signal CKd2 Which changes per 2.5 clocks or 3 reference 
clocks though its division ratio is set to 1/5 .25 . 

As described, in the matriX-type display device of the 
present embodiment, the division clock signal CKd2 has 
irregular cycles, thereby enabling the value of N to be 
loWered and alloW the frequency fg to be set to a practical 
value. Therefore, the reference clock oscillator 7 may be 
composed of commericially-available parts. Besides, since 
the frequency fg is set to a loWer value, unnecessary radia 
tion can be greatly reduced. 
According to the conventional frequency dividing 

method, in the case Where N=5.25, the half cycle of the 
division clock signal CKd2 is equivalent to 2.625 (=5 25/2) 
reference clocks. This means that the output of the division 
clock signal CKd2 is required to change at an interval Whose 
unit is smaller than 0.5 reference clock, but this is impos 
sible. In contrast, the division clock signal CKd2 obtained by 
the frequency dividing method of the present embodiment 
has unequal discontinuous parts Which are different from the 
other parts by 0.5 clock of the reference clock CKg. 
Therefore, the condition that N must be an integral number 
can be negated. As a result, any sampling clock signal CKS 
having a frequency not higher than the frequency fg can be 
obtained. 

Therefore, there is no need to arrange a display device so 
that the number of the piXels in one screen corresponds to 
the frequency of the reference clock signal at a one-to-one 
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ratio. Therefore, an inconvenience that circuitry including 
the reference clock oscillator 7 needs to be redesigned 
Whenever the number of pixels changes can be avoided. 
Furthermore, in a display device Wherein a display is carried 
out on a single screen in combination of the full display 
mode for sampling by the use of a ?xed sampling frequency 
With the Wide display mode or the normal display mode, the 
above-described division ratio Wherein N is not an integral 
number may be used, When necessary, regarding a part 
Which is displayed in the full display mode. Thus, With the 
matrix-type display device of the present embodiment, the 
design efficiency can be improved and standardiZation of 
parts used is promoted. 

Adifference betWeen a cycle T1 of an irregular clock and 
a cycle T2 of a regular clock of the sampling clock signal 
CKS is equivalent to 0.5 reference clock, Which is smallest 
possible. Therefore, the sampling clock signal CKS can be 
considered to have an averaged frequency, even though the 
sampling clock signal CKS contains irregular clocks having 
a cycle unequal to that of the others. Therefore, in images 
displayed by the use of the sampling clock signal CKS, the 
affects of the irregular clocks are not noticeable, thereby 
giving substantially no sense of incongruity to the user. 

Furthermore, each of all the parts of the sampling clock 
generator 4 except for the reference clock oscillator 7 is 
composed of a logical circuit. Namely, each of the frequency 
dividing unit 8, the sWitching circuit 9, and the sWitching 
control circuit 10 of the sampling clock generator 4 is 
composed of a logical circuit. Therefore, these circuits can 
be realiZed With an LSI circuit such as a gate array, thereby 
ensuring that the driving system including the sampling 
clock generator 4 can be simpli?ed and that the costs thereof 
can be loWered. 

Besides, since the reference clock signal CKg has a ?xed 
frequency, a plurality of frequency dividing circuits FDl, 
FD2, . . . , and the sWitching circuit 9 are combined so that 

different division clock signals as the sampling clock signal 
CKS are used in one horiZontal scanning period and in the 
next horiZontal scanning period. In this case, for example, 
the sWitching control circuit 10 is arranged so as to have a 
plurality of structures Which respectively generate different 
sWitching control signals, and to sWitch the structures in 
response to an n’th (Within one vertical scanning period) 
horiZontal synchroniZation signal, in response to Which the 
frequency of the sampling clock signal CKS is sWitched. 

With this arrangement, it is possible to display images in 
accordance With TV video signals in the normal display 
mode in an upper part of the screen While displaying 
characters and ?gures created by a computer in a loWer part 
of the screen. Since the sampling frequency should be ?xed 
When computer images are displayed, the division of the 
reference clock signal CKg is carried out With N set to an 
integral number. On the other hand, N is set to an optimal 
number Which is not necessarily an integral number, When 
TV images are displayed. With this arrangement, the sWitch 
ing control by the sWitching circuit 9 can be simpli?ed. 

Note that in the case Where the image is displayed in the 
normal display mode by the display device of the present 
embodiment, a picture is usually displayed in the central part 
of the screen (see FIG. 11). In this case, from the left to the 
right of the screen the sampling timing is sWitched tWice, 
namely, from a sampling timing shoWn in FIG. 2(a) to that 
shoWn in FIG. 2(b), then to that shoWn in FIG. 2(a). On the 
other hand, in the case Where a picture is displayed in the 
normal display mode, it is possible to shift the picture to 
either side of the screen, as illustrated in FIG. 3, by adjusting 
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the sampling timings. In this case, sWitching from either of 
the sampling timings shoWn in FIGS. 2(a) and 2(b) to the 
other is carried out once from the left to the right of the 
screen (tWice during one horiZontal scanning period). 

In the above description a structure having tWo frequency 
dividing circuits FD1 and FD2 is discussed as an embodi 
ment of the present invention, but the same effect described 
above can be obtained in the case Where a display device has 
a structure Wherein not less than three frequency dividing 
circuits FDl, FD2, . . . are provided. For example, in the case 
of a display device Wherein three frequency dividing circuits 
FDl, FD2, and FD3 are provided, a division clock signal 
CKd3 is obtained by setting a division ratio of the frequency 
dividing circuit FD3 to 1/4.75, as illustrated in FIG. 4. The 
division clock signal CKd3 has a frequency of 4.2 MHZ and 
has four clocks Which are obtained by frequency division 
With respect to 19 reference clocks. 

Each of a ?rst half of the ?rst clock and a ?rst half of the 
third clock of the division clock signal CKd3 also has a Width 
T2 Which is unequal to that of the other ?rst and latter halves 
of the clocks, as is the case With the division clock CK2. To 
be more speci?c, the frequency dividing circuit FD3 causes 
the output level of the division clock signal CKd3 to change 
per 2.5 reference clocks, except for the folloWing speci?c 
clocks in each of Which the output level change is advanced 
by 0.5 reference clock, namely, (1) a clock corresponding to 
the ?rst and second reference clocks and (2) a clock sub 
stantially corresponding to the tenth through tWelfth refer 
ence clocks. 

With this arrangement, as shoWn in FIG. 5, the division 
ratio is sWitched, from the left to the center of the screen, 
from 1/4.75, to 1/5, and then, to 1/5.25, and from the center 
to the right side of the screen, from 1/5.25, to 1/5, and then, 
to 1/4.75. As a result, a display suitable for the Wide display 
mode can be realiZed. 

Thus, With the arrangement Wherein a plurality of division 
ratios Which are close to one another are provided and 
division clock signals Which are obtained by the use of the 
division ratios respectively are sequentially outputted, it 
appears to the user vieWing the picture that modulation ratio 
of the image in the horiZontal direction smoothly changes. 
Thus, the sampling frequency can be changed While giving 
substantially no sense of incongruity to the user, and it is 
possible to provide a sampling clock signal suitable for the 
Wide display mode, as described above. 

Note that in the case of the display illustrated in FIG. 3, 
different division ratios may be used in the left and right 
halves of the screen, respectively. 

Second Embodiment 

The folloWing description Will discuss another embodi 
ment of the present invention, While referring to FIGS. 5 
through 7. The members having the same structure 
(function) as those in the above-mentioned embodiment Will 
be designated by the same reference numerals and their 
description Will be omitted. 
A matrix-type display device has a pixel array 1, a roW 

electrode driving circuit 2, a column electrode driving circuit 
3, and a sampling clock oscillating unit 11, as illustrated in 
FIG. 6. 

The sampling clock oscillating unit 11 is composed of a 
reference clock oscillating section 12, a sWitching circuit 13, 
a sWitching control circuit 14, and dividing circuit 15. 
The reference clock oscillating section 12 is composed of 

a plurality of reference clock oscillators RG1, RG2, . . . The 






